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In the late 1800s, French naturalist and entomologist Jean-Henri Fabr e observed that a caged female Giant Peacock moth, left at his study window on a late spring night, attracted ''forty lovers eager to do homage to the maiden princess'' [1] . Over the next couple of years, Fabr e conducted some simple experiments resulting in many insightful observations of moth biology and came to the conclusion that the conversation between the sexes of the Giant Peacock was olfactory in nature. It was over 50 years later that the chemical identity of the first sexual attractant was, as it happens, described from a moth [2] and separately the term 'pheromone' was conceived of to mean a chemical used for communication between individuals of the same species [3] . Moths are indeed masters of olfactory communication and discrimination. Visual cues preferred by their more colorful diurnal cousins, butterflies, are essentially unavailable to these mostly crepuscular or nocturnal insects, so they rely upon pheromone released when females engage in a behavior referred to as 'calling' to bring appropriate partners together. An attractive pheromone blend, like many odors, is comprised of a specific mixture of behaviorally-active chemical components combined in a precise ratio. Simultaneous detection of the pheromone components is important in evoking unmistakable behavioral responses from males [4] . Stimulated by brief contacts with the intermittent pheromone plume [5, 6] , males will fly over considerable distances to locate a calling female [7] and in so doing bear energetic and time costs in addition to exposing themselves to the risk of potential predation. Not only are males incredibly sensitive to the vanishingly small amounts of pheromone produced by females of their own species but similar pheromone blends used by sympatric species often contain additional components that act as behavioral antagonists facilitating avoidance of costly interspecific mating mistakes. However, in a recent paper in Current Biology, Chang et al. [8] show that young females of the cotton bollworm moth, Helicoverpa armigera (Figure 1 ), also emit an odorant as part of their pheromone blend that inhibits attraction of males of their own species. This seems counterintuitive, but H. armigera males appear to use this signal as a means to detect younger, less fecund females and ignore them in favor of older females with greater reproductive capacity. Early reports had demonstrated that male H. armigera are attracted to a binary pheromone mixture of an abundant major component, (Z)-11-hexadecenal (Z11-16:Ald), combined with a minor component, (Z)-9-hexadecenal (Z9-16:Ald) [9] . In addition to these essential pheromone components, other behaviorally active chemicals were identified in pheromone gland extracts from females including (Z)-11-hexadecenol (Z11-16:OH) and (Z)-9-tetradecenal (Z9-14:Ald). Addition of Z11-16:OH to the otherwise attractive binary pheromone mixture reduced male responses [9] whereas Z9-14:Ald had effects that ranged from elevating to depressing levels of attraction as its proportion in the blend increased [10] . As Z11-16:OH is a precursor to Z11-16:Ald in the biosynthetic pathway in the female pheromone gland [11] , it was thought that it would be converted to the final product and, as such, be absent from the odor emitted by females [9] . However, males do detect Z11-16:OH, as subsequent electrophysiological recordings from individual cuticular hairs on the male antenna revealed specific olfactory sensory neurons stimulated by this odorant [12, 13] . Other Heliothine moth species require Z11-16:OH as part of their pheromonal complement [14] and as the cotton bollworm may interact with some of these species due to its cosmopolitan global distribution, it seemed logical that this compound played a role in preventing interspecific mating.
Chang et al. [8] extracted pheromone from H. armigera females over the first few nights following adult emergence. They noted that females did not produce any pheromone on the first night following eclosion but did so during their second night when they also first engaged in calling behavior. Production of attractive pheromone-blend components, Z11-16:Ald and Z9-16:Ald, began during the second night, coincident with a peak in the amount of Z11-16:OH present in the pheromone gland. While production of the blend components was sustained on subsequent nights, the amount of Z11-16:OH was greatly diminished from the third night onwards, which coincided with increased mating activity. In behavioral bioassays, wild-type males readily showed a preference for 3-day old over 2-day old females. The availability of genetic tools for use in moths and butterflies has generally lagged behind other insects, so implementing the CRISPR/Cas9 system has opened up a pathway to gene editing in this important and diverse group [15] . To date, few studies have used this technique to manipulate the expression of genes associated with odor detection in moths [15] . In the current study, the CRISPR/Cas9 approach was utilized to knockout the expression of a gene that codes for an olfactory receptor OR16 tuned to Z11-16:OH as well as higher dosages of Z9-14:Ald in H. armigera. Using electrophysiological recording from single olfactory hairs covering the antenna, Chang et al. [8] verified that the specific OR16 -olfactory sensory neurons no longer responded to Z11-16:OH (or elevated amounts of Z9-14:Ald). As a consequence, knockout OR16 males were unable to discriminate when given a choice between two-day and three-day old females. Applying Z11-16:OH directly to three-day old females also reduced mating between wild-type pairs. These results coupled with the finding that mated two-day old females were shown to produce fewer eggs and viable offspring compared to mated three-day old females, means that male reproductive output is enhanced in situations where a choice between younger and older females exists, a situation readily anticipated in natural populations in the field. Although the report of Chang et al. [8] is open to interpretation with respect to the ultimate value of such a strategy, it underscores the important role that peripheral detection of odor can play in mediating eventual behavioral responses. In this case, artificial knockout of the H. armigera OR16 gene by CRISPR/Cas9 rendered the relevant sensory neuron unresponsive to the presence of behavioral antagonists. With this sensory input to the brain muted, males responded to females that would otherwise have been discriminated against. Changes that cause shifts in the specificity or responsiveness of olfactory sensory neurons to odorant ligands have Figure 1 . A male Helicoverpa armigera moth.
Males are highly sensitive to the composition of the pheromone blend released by females and can use it as a cue to discriminate between younger and older individuals that differ in reproductive capacity. Photo: Yanhui Lu.
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Current Biology Dispatches been implicated in permitting males to respond to novel female pheromone blends that might arise, for example, as a result of mutations in the enzymes controlling pheromone biosynthesis [16] . Similarly, in Drosophila melanogaster production of cuticular hydrocarbons and their detection by gustatory receptors play an important role in preventing male courtship with both females of closely related species and conspecific males [17] . The study of Chang et al. [8] further validates the application of the CRISPR/ Cas9 technique to non-model insects that will certainly benefit future studies in which editing targeted genes can provide insights into moth pheromone-mediated behavior and olfactory neurobiology. While such advances will be relevant to our understanding of the sense of smell in general they may also inspire development of innovative approaches to the control of this important group of crop pest insects.
